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[*««] mmm 

*&¥##l'--ifiSi^k:£^T, 
ifffEfttf-r KM IlV^v KMfccOMKi, y > F-ytf>*^-ifJ»£tS:ttT&3 

[»*^2] ftfia^-ifJIkJu fttf^f FJf£pS?^y K»t©ISIK:^ 
J*3*U 5 nm£JLhl 0 n m^SlT'fe^ r £. *Slf#^ 1 

[«^«3] fffiapM^^^ KMHu ^©^-VV7IS^ 8X10 17 ~ 

5 x i o 18 c m- 3 &mmx*&z> z. t. -t zm&m 2 izmmn^mfou—? 

>f KIi:©#ffit'©^^U7W5X l 0 16 cm"%±5 X 1 0 17 cm% 
T*& -5 £ H £ "T £ff#^ 2 X » 3 &cia*<Z>¥## v - if jR^. 

Jf, nIF-^?7>yFl, ;>K-^WKJI, y>F-:7Jfr?#F?«H£M 

bT>&S^#:U-if^^^^^^^T, 

ftrlB/ > F-y^tf-f KIi:pIK-^79 KM ©rate, y>F-y©;** 
- if Jg b T * 5 r i: £4#l£ £ 1" £ I/ - if 

*iT £ i h -T & ff:£3C 6 ICSH«¥##: U - if 3H^©983g;£ 
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[|*#£8] MOCVD&&CT, nM^KJttC, I*nSK-^A>y77 
JS, nIK-^5^KI, ;>K-^MKE /^F-^S^tf^iStt* 

MOCVD«**#i:lT, ««ffi«^6 5 onj£4±8 0 or;«T"e*y. v 
«§JgC**©#*&*2?f I I i«JK*4©#te*fc©ifc#5 oj£U:2 ooj^TT^^ri: 

[»W©#NWfc3il*!3 
[0 0 0 1] 

m x u - if m -t & %> © t?* * o 

[0 0 0 2] 

■ 5E¥, CD-R/RW^DVD-R/RW&Cf^£*l£}fc7 ; ^X?'\£>'ff#« : 
[0 0 0 3] 

[0 0 04] 

n§fli7 0 l_hfC, SiK-^nI;t*;77l7 0 2, SiF-7"n^7^ 
FI7 0 3, ;>F-7"WFI7 0 4, ;>F-7*I?^ittl7 0 5, 
,/ > K-^Ofc^M KJ*7 0 6, ZnF-7'pl^7yFl7 0 7, ZnF-^P 

»;^I7 0 8 tZn F-7°p^^77 KM 7 0 7#2HJX£*l, U vVT* 

2 ffilE#2 0 0 0-3 0 0 1 4 0 9 
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m=i>#? M7i o^m^tix^mw^— Fm^tfMf&znzo 

[0 0 0 5] 

rrT% M^#^M'KM7 o 5 ©.hTWWc^j&sns^tf-f KM 704^7 
KM 7 o 7WnI^7>y KM 7 o s^ki^FiSttMe o 5 swyfmmmWt 

[0 0 0 6] 

M$r^i-€>r^tcO:oT, Z n&|fc&|$&iL*$»##fc34xTv*S 0 
[0 0 0 7] 

«C^)i!Et6;> K-^©3t3tf-f KM#*^#FM^W^«m&imtt-£^ 
[0 0 0 8] 
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[0 0 0 9] 
[0 0 10] 

[0011] 

*K 5 nmJ:*; ii^M 
^TbTl*^. tot, X^— 5 nm«±l 0 nm*»0ll^« 
[0 0 12] 

P KI®^^'J7iS5: 8X1 0 17 ~5 x 1 0 18 c m~ 3 ©|gH £-f2> 3 il 

iimy-©MS#ffi©iBT^i&^«i±^i^ < * £ ^ ^ raffl#£ c t b t e> o 

[0013] 
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**yy»K#5x i o 16 c m"% _h 5 x i o 17 cm" 3 «Ti:t5z:i:Mi: 

*Vn. Kgt©#St©^YU7lI^5 XI 0 16 cm" 3 *iT'« 

iR^<^)iaS#tt©<ST• , ^>»f^«£E* 5 W<'&*^v^^ raffle S&JC 

»^©>P«*Jfi«C«« 5X10 17 c m~ 3 J2UifC&S fc3fr?4f£tttf 
[0 0 14] 

v K M A *J %» ^ > K * y y £ v n r t £ £ t £ 1/ -if £ S# 
[0015] 

&CTnM*«±^ffi^n^K-^W7yM, nIK-^5y KJH> ^>K 
KM, V >K-^S^#7^£'I£M, 7>K-^"#:2MKM, pMK- 
y^v^y KM, pMK-^^^^^M^^bT^S^S^^-if^©^^ 
&ic£v^, 7 >K-^##-f 7 KM© ISIKiy >K-^© 

7^ — 5 nmJSJLfcl 0 n m*I©f ft-^tS 3 i: SMil t 

[0 0 16] 

(it*3S8) ©^frl^-lf*^©^*^^ MOCVD^ 

s>y, vj&K»©#*&**r i 1 1 mmmcDm^mtff 5 ojbu:2 0 ojbtft?** 

5 ffi§E# 2 0 0 0- 3 0 



r 

1-0 2 1 0 3.6 



[0 0 17] 
[0 0 18] 

— jRlc^fr i/-ifSR^©?£tttf fc*«*tfl£fl*** t^ttJi^lcft^ ^ V y 

[0 0 19] 

v>fc#, tft8^©se*, KJf\% 5 x 1 0 17 c m~ 3 J^Jt<Z>^M#f#* 9 y K ' " 

[0 0 2 0] 

[0 0 2 1] 
<^*« l > 

X#-f KSEfc"* tf*lS#3tT»* MOCVDjSTnSGaAsiSl (*^'JT8 
g2X10 18 cm" 3 ) ±{CniGaAsA^77l2 (1. 5 X 1 0 18 c m" 3 , 
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|$ 5 0 0 nm|g), n§EA 1 Q5 G a Q5 A s T * 9 <y F» 3 (^'J7»« 
8X1 0 17 cm" 3 , f$ 1 0 0 0 nm|g^) , J > F~ ? A 1 0>35 G a Q65 A s 
3fcjtMFM4 (I*3 0nm), ;>K-^AlGaAs-lI^Fi5 
lM8nm, /\''J7l5nm) , J > F- :/ A 1 0 35 G a Q 65 A s F* 
6 (i»3 0nm), ;>K-^Al 0(5 Ga 0f5 As^-tl7 0ft^6nm 
) . P 1A1 05 G a 0i5 As±»H5? FS 8 (^V7lI2X 1 0 10 c m 
• 3 , ^ 3 0 0 nmit), I«yf>^h>^l9, P 1 0.5° a 0.5 A s 
±«2^5f FM1 0 (df-V U7i«3 X 1 0 18 cm~ 3 , Onmtg 
) , piG aAsIl 1 (3X1 0 18 cm~ 3 , I§ 8 0 0 nmfgjt) £?£j&-f £ 

o 

[0 0 2 2] 

piG aAsfl 1 £ PiAl 05 Ga 05 As±$2^7>y FS 1 0 
£2 — 2. 5 ti mm®* V *5 <i zf-RG V v V K-Mtt * * 3 £ JCMO C.V DS&JC 
ioT, pSGaAsfl ltplAl 0 _ 5 Ga 0i5 As±l2^7^ FS 1 0^ 
Pj&^'J v^flfiS&nSA l^Gao^A s«S6^"ny^Jfl 2 (^'J7i 
|2X10 18 cm -3 , JS£ 7 0 0 nm) fttfnl-GaA s *?n 1 3 ( 

^^'J7M3Xl0 18 cm' 3 , |$5 0 0 nni) T**«bj&^£S^ MOCVD 
gtpiGaA sn>#?hjfl4 (5X1 0 18 cm" 3 . m& 1 0 0 0 n mKJg 
) 

[0 0 2 3] 

ffcjca— r-w >if (R=l0%-95%) U 3&K:^y:7tc#«JLTraag©* 

-f-ic-rso m*j&&G>m&3kft&+ 1 1 i^s»^uttmg (hu^^^^u 

„ TMA (h'J^fWI/i-^A) > vmMmtLXAsH 3 (T)Vi/ 
» > nl, PMCD#F-A> hCTilttS i H 4 > DEZ ($?x 

£MV\ ^MI»V5 0TC, MS*ii7 6Torr, V/II 
1 = 12 0 *Cfr ofc. 
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[0 0 2 4] 

mMMV^ifcls—V 1 ^ (a) Ji£ifi?©HIlS*iffi#3 0 mA, 8 5mWt© 
i#i^l3 0mAT*fe>J, 601C, 8 5 mWfcCWafeKffittlfctC^Tfc 

2 o o omm&>±izm-oT$cMizmft ltv>& 0 y >K-^©x^—»fM 
<. mm<D!ft& (91=9° , e ii = 2 2° ) ^#e>tifeo 

[0 0 2 5] 

rtitcMLT, x^-i^M©^v>^^ (b) T?fci£fiT?<z>Hia*ift#4 3 
mAi: 1 OmA#±fll|£»J(Z>¥##^-- ifiR^ (a) <fc*jif;&IlU 60r, 

8 5 mw<Dmm^nmzi3^xitm^mvm^it ut b£ o 

[0 0 2 6] 

b) JCfeWSSftJSfi^© F-tf>^M% (Zn) 

^>5„ F-tf>^^n77>f;i/«SIMStC«J:otlSbfc^tfeS. 
EI2<fcy, (a) (b) V^*ltf>i|i^-&C£V%T ; &P KEfr&MtttffllK© 

zn<Dmm&m>8>*>nz>i)K fe&nmj- (b) ^&*^#;RM^<z)&im&v^ 

<D<D%iSJ FJf^l 0 17 ~1 0 18 c m~ 3 ©J£ffc#§g#) rtuc^u Hi 

m6«©^#«ci/— if*^ (a) *^-if»T?Z nt£Sfc#*W3*U 

>T KJf^©J£^C^3 X 1 0 17 cm~ 3 J^TK:^e>ftTV^r£#fc>;fr3 o 
[0 0 2 7] 

, KW^Sfc^M FM£ ©#W7? © dp * U 5 x l o 17 c m" 3 JS* Jb 

U Jfc5X10 16 c m" 3 J^TTi&^«JE^^lCif^: 

[0 0 2 8] 
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<DmWLLT<Z>ZnMmtlsXl*5X 1 0 16 c m~ 3 J^±, 5X1 0 17 cm% 
[0 0 2 9] 

[0 0 3 0] 

p^7^KI©^t'J7W (a) 5X10 17 em~ 3 , (b) 2X 
10 18 cm" 3 il (c) 5 x 1 O 18 cm" 3 0#S^lCfeW-5/> F-^X^-i^M 
^<D^M%6 (Zn) ott/n??^^^^ ^/<-if!li:2 0niii| 

5X1 0 17 cm' 3 JKTiCtS^^Sfc«), H4*»J, ^U7»ll©^ ( 
c) 5 X 1 O^cm'^^t't^^-lMCl^^btttS nmSSt'av^ 
£tf X^-f-lOli?^ 5 n m^ltii p ^7 7 FS©^^ U 7 

[0 0 3 1 ] 

{^ot, p $r^y KJf©^^ y 7^,g£ 8X1 0 17 ~ 5X1 0 18 c m~ 3 (7)^H 

^ti^^#^^-if^* ,? ?fJgffiK<#e>tiSo 3&fe, mocv 

^MOMBE, GSMB E $£<Z> <fc O fc&fflJfcSifc-e*^ < lU S. 
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[0 0 3 2] 

<mmm2> 

H5lilSifli2<Z>Al Gain P*^»#Ur-tf ©WfliHT?**. MOCVD 
ST'niGaAsif5 0 1 (^'J7«82X1 0 18 cm" 3 ) llCnlGaA 
s;t>y7Tl5 0 2 (1. 0X1 0 18 cm~ 3 , m& 5 0 0 n mfSt&) > nil n 
0 5 (A 1 Q 7 Ga 0>3 ) 0<5 PT^5«; KJ§ 5 0 3 (^-Y U71I8X 10 17 cm 
~K g^lOOOnmM . r>bWln 0i5 ( A1 0 .5 Ga 0.5 ) 0.5 P ^^ 
>f KI5 0 4 (f^3 5nm) , 7>F-^I nAlGaP#li^|5 0 
5 (In 0>5 Ga 0 5 P^lM7 nmfcl n Q<5 (AlyGa^) 0 .5 P3tAU 
7l8nm0 4MlT'M) , 7>K-^In 0i5 < A1 0.5 Ga 0.5 ) 0.5 P3W 
>f FI5 0 6 (f^3 5nm) , 7>K-^In 0i5 ( A 1 0.7 G a 0.3 ) 0.5 P X 
^-tl5 0 7 (g*8nm) , pM I n Q 5 (A 1 Q ^G a Q 3) 0>5 P-t^ 1 9 
77FI5 0 8 (df^ij 71S 5 X 1 0 17 c m" 3 . |$3 0 0 n m^Jg) , X y 
f>nF^!5 0 9, PSln 05 (Al 0i7 Ga u ) 05 Pf2^^FM 
5 10 (**IJ 7i8£2 X 1 0 18 cm" 3 , m& 1 0 0 0 n m^5£) , pSG a A 
sjf5 1 1 (4X1 0 18 cm~ 3 m% 5 0 OnmM £?£j&-f £o 
[0 0 3 3] 

*<D%k. pIGaAs!5lUpII n Q 5 (A 1 0 . 7 G a o.3 ) 0.5 Pjtl12 
^7>yKf5 1 0£4~5 timm&X b5'f^© , J y ^JCjUX'TSo' £ £ JCM 
OCVDglCioT, piGaAsl511tpIIn 0<5 (A 1 0>7 G a^g) Q 

cP_h&2*^y KM 5 1 Ofr&ftS'J r^©II^nSGaA s ^ft:/n y # 
* o 

f 512 (^^'J7iS2Xl0 18 cm" 3 , f$ 1 20 0 nm) t'Sft^et 
, MOCVD^T'pSGaAs3>^ M5 13 (4X1 0 18 c m" 3 . m& 1 
OOOnmTO ?:MtS 0 
[0 0 3 4] 

• •€-<Z)tfe±lSK:ttp*S5-l 4, Tffl(C!inSl5 1 5 £3S3§:R# 8 

t»tC2-r-f>^ (R=10%-9 5%) S e>lC^yyjC^I0bT«g!l© 
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6Torr, V/III = 2 0 0 I I I mmPch bTTMG (h'j^f 

;i/#U?A). TMA (h'J^f^T^^-^A) > TMIn (h'J^f;H> 
VVJ*) , VMMilbtPHg (^70) ££fcj:TBP (dt-j/^y-^ 

DEZ (*?x^./i/S?>$0 StMvn^o 
[0 0 3 5] 

Zn, S i) ©ffi«tJCj:*#"SJI : ?-^*©^i** ? *<. 3?>lc. 3fc#>f K» 
it^4 5mA, 6 Or. 3 0 mWtf>M!l'ffii>$i*lC;J5V 1 >T : & 2 0 0 0 B#|fflJS*J: 
[0 0 3 6] 

<H1M3> 

H 6 itmnW 3®InGaAs ^Mi^tf ^MttW 1/ — if 

©IJflBEaSrjKLfc MOCVDStnlGaAsiS601 (^p-V V 
7if2Xl0 18 cm" 3 ) iiCnSGaAs;t«y77l6 0 2 (1. 0 X 1 0 18 
cm" 3 , g$5 0 0 nmiS) , ni A 1 QA G a 0> gA s T*^ V KJI 6 0 3 ( 
^'J7iS8 XI 0 17 c m" 3 , m& 1 0 0 0 n mgg^) , T> R-^I nG a 
AsPM'fFl6 0 4 (I*3 5nm) , 7>K-^li^S6 0 5 (I 
n 0 18° a 0 82 A s ^ x;I/ ® 7 nmtlnGaAsP^'J 712 0 nm(D 2Mffl 
, T> F-^I nGa As P^M KM 6 0 6 (^#3 5 n m) , T> 
F-yAl 04 Ga 06 As^^-ifl6 0 7 (ff#8nm), pMAl 04 Ga 0 
6 A s ±m V KM 6 0 8 (^r^'J rmm 1X1 0 18 c m -3 . f^ 3 00 n 

mflgjt) , xy^F>^ h y:/JS6 0 9. pMA 1 0>4 G a 0 6 A sH2^^^/ K 
16 1 0 (=* ^ U 2X1 0 18 c m" 3 f$1 0 00 n m|g^) < p SG a 

As3>^^M61 1 (4X10 18 c m -3 . I§ 5 0 0 nmlgjfe) 

o 

[0 0 3 7] 

pMG aAs3>*ni6 1 1 tplA l 06 Ga 04 A s _hSI2 * 

1 1 miE#2 0 0 0- 3 0 
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=?y KM 6 1 0 £ 2 — 3 n miplOX h ^4 V y ^JCiOX-TS. U' 
y SJJiIB&tf flU® JC Si0 2 l6 12 Sr^jeR U JhhU V ^ 7 -f ±ot 
U y S;±lffflS©»S i 0 2 JK6 1 2 &Bfe*L, piGaAs3>^i?M6 1 1 
£Sffi3i2r£o *©ft±MfCJip«S6 1 3, Tllilc«nti6 14l:Mt, 

IcSSJR&^Mfrlfaca-^-f >^ (R= 8%-9 5%) U S&tff^i 

[0 0 3 8] 

*Tf©I*T7 5 01C, KM&^tfS*^#F?»©««'T*6 8 0TC, ;> 

K-Vcd^^-^Sj^&p V'yv K«£n>#? HJ*GHK«T?6 5 0 £ U V 

/i i ijtw:, vm^timm^i^m<Dmmr'2 o o. -etue^-ei 2 
teum* v/i 1 i < tb-eigj6'r-&r^^3Bt©3ieaffi : &a[#'es, p?^ 

[0 0 3 9] 

fcjfc, MM#>Ui. I I IftjgfttbtTMG (h'J^fM'Jf^) , TM 
A (bV *^)VTJ\s$-VJ±) , TM I n (h>J)lfM>^^) > ViSORf* 
^ITAsHg (T/l/S/>) . PH 3 . nS, p§ff©#K-/\ 0 >K 

I^i:lTSiH 4 , DEZ (*?:n^/l,S?>*) £MV^ 0 

[0 0 4 0] 

f*^bfcllt^©#ttttWffiflKife3 0 mA, 8 0t, 15OmW0iItt^(C 
fc^Tt. 5 0 0 0 ^WJ^±iC^o T£cfetCj£f? It „ 
[0 0 4 1] 

IB«Lfc#, nm*-^-©jf J¥«I»tt«<BriBSiMB EMOMB E, GSM 
BE. ALE. VPESOi^^ffl^t't;, -r^TB«&8&*#&S. 

1 2 ffisEff 2000-3001409 



4f ¥ 1 1-0 2 1 0 3 6 



[0 0 4 2] 

Fmnow^ zwx^-y-mzwitf zz: tizzy ^ 

[Hi] 

mmm i <D^mi^u—^m^-<Dm^mmmx^^ 0 

[02] 

^^ttMjS^© F-tf>^M^l (Zn) M^<2#^£^-t0-e&3o 
[03] 

P^^y FJS^tf-Y FM^©#®"e©=3p^UT^{C^ft--2>#^(Z)W'(S«^ 
£ 8 5mWI^-e(Di&f1s«JE<D^b£^HT-&<5o 
IEI4 ] 

P ir^v FM©#^-v U T«Ktc«W*T> F-^^— ^M^©^«# (Z 
n) Oili^D77^;i/T*feS. 
[EI 5] 

[06] 

H»J 3 <D¥m<$ V - -^^©flKiWrBH X & £ „ 
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[07] 

© ¥m<* v - if jr^- (Dm& m®0 t? % £ . 

1 nlGaAsii 

2 nlGaAs;ty7 7l 

3 nSAl 05 Ga 05 AsT^7>yFI 

4 T>F-^Al Oi35 Ga 0#65 A8*^KI 

5 7>K-^AlGaAsrlI^FI 

6 7>K-^Al Oi 3 5 Ga 0(65 AsWKI 

7 7>F-^Al 0i5 Ga 0>5 As7^-fI 

8 pSAl 05 Ga 05 As±$1^7>yFI 

9 X y *f- y 77. h v zfM 

10 plAl 0>5 Ga fl>5 As±$2^7yKI 
1 1 nlG.aAsI 

12 niAl 07 Ga u As^D7^I 

13 nSGaAsWD^I 

14 P SGaAsa>^M 
1 4 pit® 

1 5 nUMl! 

5 0 1 nMG a A s 

5 0 2 nSGaAs;t>y77l 

5 0 3 nSln 0<5 (Al 0i7 Ga 0>3 ) 0 .5 W9yFf 

5 04 7>F-yin 0 5 (Al 0i5 Ga 0i5 ) 0 .5 P *^ KM 

50 5 7>F-^InAlGaP#H^#Fi 

50 6 7>.K-^In 0i5 CAl 0 .5 Ga 0.5> 0.5 P ^^ KM 
50 7 7>F-7-In 05 (Al 0i7 Ga 0<8 ) 0.5 P *^ — * M 
5 0 8 p§» I n Q g (A 1 0>7 G a Q 3 ) Q 5 P±Hl ^5*; FJf 
5 0 9 oi>y^>y^ h V?M 

5 10 pilling (Al 0 ? G a Q 3) q ^ P H 2 9 'y v Fjff 

1 4 mSE#2 0 0 0 
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5 11 
5 12 
5 13 
5 14 

5 15 

6 0 1 
6 0 2 
6 0 3 
6 0 4 
6 0 5 
6 0 6 
6 0 7 
6 0 8 
6 0 9 
6 10 
6 11 
6 12 
6 13 

6 14 

7 0 1 
7 0 2 
7 0 3 
7 0 4 
7 0 5 
7 0 6 
7 0 7 
7 0 8 
7 0 9 
7 10 



plG aAsf 

n§EG a A s MWtzfU y 

pSG a A s ny$? hjf 

pflMI 
nUm 

nSGaAsIl 
nMG a A s Ay*7rM 
niAl w Ga fl 6 AsH7-y KM 
7>K-^InGaAsPM^fKI 

T> K-^I nG a A s P%Jfj FJf 

7> K-^Al fl 4 Ga 0i6 A s X^—VM 

PIA 1 0 4 G a 0 6 A s±mi V^V RJf 

ai y y tfy. h v rfM 

P^A 1 0i4 Ga 0<6 A s^2^7'yFI 

p§£G a A s # hjf 

S i 0 2 BI 

pfitfi 

nil 

nlil 

S i F-^nSA>y77l 
S i F-^nI^7 7 KM 
T> F-^*V KM 

yy F-^ytx-f k* 

ZnK-^pf^7^ 
Z n F-^pi^t>^I 
S i F-^nl^Dy ?Jf 
Z n F-^pS3>^ hjf 
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[02] 
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